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Abstract  Lower  limb  malformations  are  generally  isolated  or  sporadic  events.  However,  they
are sometimes  associated  with  other  anomalies  of  the  bones  and/or  viscera  in  patients  with
constitutional  syndromes  or  disorders  of  the  skeleton.  This  paper  reviews  the  main  imaging
features  of  these  abnormalities,  which  generally  exhibit  a  broad  spectrum.  This  paper  focuses
on several  different  bone  malformations:  proximal  focal  femoral  deﬁciency,  congenital  short
femur and  femoral  duplication  for  the  femur,  tibial  hemimelia  (aplasia/hypoplasia  of  the  tibia)
and congenital  bowing  for  the  tibia,  ﬁbular  hemimelia  (aplasia/hypoplasia)  for  the  ﬁbula,  and
aplasia, hypoplasia  and  congenital  dislocation  for  the  patella.© 2015  Éditions  franc¸aises  de  radiologie.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.
Lower  limb  malformations  (other  than  the  foot)  are  rare  and  scarcely  described  in  medical
imaging  literature.  Such  malformations  are  generally  isolated  events  but  in  some  rare
instances,  they  can  be  associated  with  other  abnormalities  of  the  bones  and/or  viscera
in  constitutional  syndromes  or  disorders  of  the  skeleton  [1]. Bilateral  malformations  are
generally  inherited  in  an  autosomal  dominant  manner  with  a  varying  degree  of  penetrance
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Figure 1. Lower limb bud of a human embryo. AER: apical ecto-
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posed  for  PFFD.  Aitken’s  classiﬁcation  is  the  most  widely
used  and  includes  four  classes  of  PFFD  based  on  severity02  
hereas  unilateral  malformations  are  sporadic.  In  some
ases,  both  the  upper  and  lower  leg  are  involved  (e.g.,  femur
bnormality  combined  with  a  tibial  or  ﬁbular  malformation
f  the  same  limb).  Skeletal  limb  abnormalities  can  be  associ-
ted  with  foot  defects  (incorrect  positioning,  malformations
nd  coalitions)  or  joint  abnormalities  (hip,  knee,  and  ankle).
oft  tissue  involvement  can  also  be  observed  (muscle  or
endon  abnormalities;  more  rarely  blood  vessel  and  nerve
nvolvement).  Lower  limb  malformations  are  therefore  seri-
us  conditions  often  requiring  complicated  and  prolonged
rthopedic  treatment,  the  functional  outcome  of  which  is
ometimes  unsatisfactory.
Limb  malformations  may  result  from  genetic  (mutations)
r  cytogenetic  (abnormal  chromosomes)  defects,  fetal  expo-
ure  to  teratogens  (thalidomide,  sodium  valproate,  ethanol,
ocaine,  X-rays,  etc.),  viral  infection  during  pregnancy,
echanical  forces  (amniotic  band  syndrome)  or  any  com-
ination  of  the  above  [2—5].
The  majority  of  lower  limb  malformations  are  currently
etected  during  prenatal  ultrasonographic  examinations.
rom  26  weeks  of  amenorrhea,  three-dimensional  (3D)  ultra-
onography  and  low  dose  fetal  computed  tomography  (CT)
6]  can  be  used  for  more  detailed  diagnosis  [7].  After  birth,
-ray  imaging  is  used  predominantly  although  magnetic  res-
nance  (MR)  imaging  can  be  very  useful  to  detect  and
iagnose  possible  cartilage,  soft  tissue  and  articular  defects
hat  might  be  related  to  the  bone  malformation.
ormation and development of the lower
imbs
ower  limb  morphogenesis  occurs  at  an  early  embryonic
tage  (between  4  and  6  weeks  of  life).  Lower  limb  buds
ppear  shortly  after  upper  limb  buds  (between  the  4th
nd  5th  week)  as  bulges  near  the  lumbar  vertebrae  [2].
imb  buds  are  outgrowths  of  mesenchymal  tissue  from  the
esoderm  covered  by  the  ectoderm.  In  the  6th  week,  the
imb  buds  lengthen,  develop  recognizable  segments  that  will
ecome  the  thigh  and  lower  leg,  and  the  distal  ends  ﬂatten
o  form  the  foot  plates.  During  weeks  7  and  8,  interdigital
issue  regresses  via  apoptosis  to  produce  separate  toes  and
he  limbs  begin  to  rotate  medially.
A  number  of  genes  regulate  the  medial  rotation,  place-
ent  and  development  of  the  bud  [8].  These  include  the
BX4  gene  (medial  rotation  of  the  lower  limb  bud),  FGF
Fibroblastic  Growth  Factor)  genes  and  their  receptors
FGFR)  (limb  bud  development),  TP63  (apoptosis)  and  the
OX  genes  (limb  bud  type  and  shape)  [8].  Normal  limb
ud  development  is  three-dimensional  and  occurs  along
he  proximodistal,  anteroposterior  (preaxial/postaxial)  and
orsoventral  axes.  The  extending  limb  bud  comprises  three
ain  signaling  centers  (Fig.  1)  that  regulate  its  develop-
ent:  the  apical  ectodermal  ridge  (AER),  a  structure  formed
rom  ectodermal  cells  at  the  distal  end  of  the  bud,  the  zone
f  polarizing  activity  (ZPA)  located  in  the  mesenchyme  on
he  posterior  rim  of  the  bud,  and  the  progress  zone  (PZ)
hich  is  adjacent  to  the  AER.
Proximodistal  extension  of  the  limb  bud  is  regulated  by
he  AER  (and  by  the  interactions  that  occur  between  the
ER  and  the  ZPA).  The  morphogen  SHH  (sonic  hedgehog)
ediates  the  polarizing  activity  of  the  ZPA,  which  regulates
(
•ermic crest; ZPA: zone of polarizing activity; PZ: progression zone.
nteroposterior  growth.  Finally,  dorsoventral  development
s  regulated  by  the  LMX1B  gene.
ongenital defects of the femur
his  review  focuses  on  proximal  focal  femoral  deﬁciency
PFFD),  congenital  short  femur  (CSF)  and  congenital  dupli-
ation  of  the  femur.
roximal focal femoral deﬁciency (PFFD)
his  malformation  is  characterized  by  a shortened  bone  due
o  impaired  development  of  the  proximal  end  of  the  femur.
FFD  is  rare  (approx.  one  in  50,000  births)  and  predomi-
antly  unilateral  (90%  of  cases)  [9]. The  thigh  is  shortened
o  a  variable  degree,  the  hip  and  knee  joints  are  ﬂexed  [7,8]
nd  the  hip  may  or  may  not  be  stable.
X-ray  imaging  of  PFFD  patients  shows  an  apparent  loss  of
ontinuity  between  the  femoral  shaft  and  head/neck.  The
one  where  these  structures  should  converge  is  made  up
f  ﬁbrous  or  ﬁbro-cartilaginous  tissue  that  can  sometimes
ssify  at  a  later  stage.  Various  classiﬁcations  have  been  pro-A—D)  (Fig.  2) [9]:
class  A  (least  severe  form):  the  femoral  head  and  neck  are
present,  the  acetabulum  is  normal,  and  a  small  portion  of
the  proximal  femur  is  missing;
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ﬁcation.Figure 2. Proximal focal femoral deﬁciency (PFFD). Aitken classi
• class  B:  the  femoral  head  and  neck  are  present,  the
acetabulum  is  normal  or  shows  mild  dysplasia,  and  a  larger
portion  of  the  proximal  femur  is  missing;
• class  C:  the  femoral  head  and  neck  are  missing  or  show
severe  hypoplasia,  the  acetabulum  shows  severe  dyspla-
sia,  an  even  bigger  portion  of  the  femur  is  missing  and  the
proximal  end  of  the  residual  femur  is  tapered;
• class  D  (most  severe  form):  the  femoral  head  and  neck
as  well  as  the  acetabulum  are  missing  and  the  residual
femur  is  very  short,  deformed  and  sometimes  fused  with
the  tibia  below  (Fig.  3).
Coxa  vara  as  well  as  femoral  neck  retroversion  can  occur
when  the  femoral  head  and  neck  are  present  (classes  A  and
B).  When  observed,  coxa  vara  is  generally  progressive  and
femoral  retroversion  can  be  confused  with  congenital  hip
dislocation.  Hypoplasia  and  various  degrees  of  ﬂattening  of
the  femoral  condyles  are  observed.
Ultrasound  and  above  all  MR  imaging  are  particularly
useful  to  assess  the  exact  nature  of  the  tissue  (ﬁbrous,  car-
tilaginous,  or  ﬁbro-cartilaginous)  at  the  loss  of  continuity.
MR  imaging  is  also  used  to  evaluate  unossiﬁed  structures,
the  hip  joint,  adjacent  soft  tissue  (Fig.  4)  and  the  knee
Figure 3. Severe proximal focal femoral deﬁciency (class D).
Absence of femoral head and neck, hypoplasia of the acetabulum
and residual femoral stump fused to (F) proximal tibial epiphysis.
Figure 4. MR imaging features of proximal focal femoral deﬁciency. Images in the coronal plane (a) reveal a loss in continuity between
the proximal end and the diaphysis of the right femur, especially on STIR-weighted images. Cartilaginous structures are better visualized on
gradient echo T2*-weighted images whereas fatty involution and amyotrophy of the gluteal muscles are better visualized on T1-weighted
images. The cartilaginous model of the distal femur (F) has fused with the proximal tibial epiphysis (T). On T2*-weighted images in the
axial plane (b), the cartilaginous models for the right femoral neck and great trochanter are present but comparison with the left side
demonstrates global hypoplasia of the proximal end of the right femur.
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9].  MR  imaging  is  therefore  helpful  to  determine  precisely
he  PFFD  class  [10,12],  and  identify  other  malformations  of
he  affected  limb  commonly  associated  with  PFFD,  such  as
bular  hemimelia  and/or  agenesis  of  cruciate  ligaments.
ongenital short femur (CSF)
SF  is  characterized  by  general  femoral  hypoplasia.  It  is
ometimes  misdiagnosed  as  a  variant  of  PFFD  but  its  clin-
cal  signs,  X-ray  features  and  functional  outcome  all  differ
rom  those  of  PFFD  [7].  The  thigh  is  shortened  to  a varying
egree  but  less  so  than  in  PFFD  [10];  indeed,  CSF  is  some-
imes  only  diagnosed  when  the  child  begins  to  walk.  The  hip
s
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igure 5. Congenital short femur. Varying degrees of femoral shortenin
ormal condyle morphology. The adolescent’s entire femur is present anA.  Bergère  et  al.
nd  knee  are  ﬂexed  but  unlike  PFFD,  ﬂexion  is  reversible
10]. The  hip  is  stable.
X-ray  imaging  shows  a more  or  less  pronounced  shorten-
ng  of  the  femur  [Fig.  5],  which  measures  about  40—60%  of  its
ormal  length  [10]. Femur  shortening  is  sometimes  associ-
ted  with  lateral  bowing  of  the  diaphysis,  which  can  result  in
eactive  sclerosis  of  the  lateral  cortical  bone  [11]. Compared
ith  the  healthy  contralateral  side,  delayed  ossiﬁcation  of
he  femoral  head  ossiﬁcation  center  may  be  observed.  Coxa
ara  is  often  detected  (Fig.  6)  but  is  generally  found  to  be
table  (unlike  in  PFFD).  Retroversion  of  the  femur  neck  can
lso  be  observed  and  can  be  confused  with  congenital  hip
islocation  [10]. Hypoplasia  and  various  degrees  of  ﬂatten-
ng  of  the  femoral  condyles  are  observed  (Fig.  7).
g in a young child (a) and an adolescent (b). The young child shows
d the hip joint is normal.
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Figure 6. Congenital short femur and coxa vara. Compared with
the left side, the right femoral neck is shorter and thicker, and the
cervico-diaphyseal angle is reduced. This child underwent epiphys-
iodesis of the distal end of the left femur to overcome limb length
discrepancy.
Figure 7. Hypoplasia of femoral condyles associated with con-
genital short femur. Substantial hypoplasia of the lateral aspect of
the knee with trochlear dysplasia visible on the lateral X-ray image,
and lateral patellar tilt.
Duplication of the femur
Femoral  duplication  is  a  rare  malformation  of  uncertain
prevalence.  The  femur  almost  always  bifurcates  at  its  distal
end  [13]; only  one  case  of  proximal  duplication  (two  femoral
heads  and  necks)  has  been  reported  up  to  now  [14].  Dupli-
cation  of  the  femur  results  in  a  more  or  less  pronounced
shortening  of  the  thigh.  The  distal  part  of  the  thigh  is  unusu-
ally  wide  and  sometimes  triangular.  X-ray  imaging  shows
a  partial  to  complete  duplication  of  the  distal  end  of  the
femur  (Fig.  8).  In  its  typical  form,  the  femur  divides  to  form
two  separate  distal  ends  (Fig.  9),  the  most  lateral  articulat-
ing  with  the  ﬁbula.  Femoral  duplication  is  often  associated
with  other  bone  malformations  of  the  homolateral  limb,
notably  tibial  hemimelia  and/or  ectrodactyly  in  patients
with  Gollop-Wolfgang  complex  (Figs.  9  and  10) [15]. Rare
cases  of  isolated  femoral  duplication  have  been  described.
Congenital defects of the tibia
This  review  focuses  on  tibial  hemimelia  (aplasia  and
hypoplasia)  and  congenital  bowing  of  the  tibia.
Tibial hemimelia
Also  known  as  congenital  longitudinal  deﬁciency  of  the
tibia,  tibial  hemimelia  is  a  very  rare  condition  (approx.
one  in  1,000,000  births)  [16].  The  defect  can  be  more  or
less  severe  ranging  from  moderate  hypoplasia  to  complete
absence  of  the  tibia  (or  aplasia).  Although  the  majority
of  cases  of  tibial  hemimelia  are  sporadic,  it  is  sometimes
found  in  infants  with  complex  malformation  syndromes.  In
such  cases,  tibial  hemimelia  is  generally  bilateral  and  is
Figure 8. Bilateral duplication of the distal femur. Preliminary
stage of distal femoral duplication in a twin fetus (therapeutic abor-
tion at 20 weeks of amenorrhea for severe intra-uterine growth
restriction). Right and left tibias and ﬁbulas are present but ischium
ossiﬁcation centers are not observed (delayed ossiﬁcation).
906  A.  Bergère  et  al.
Figure 9. Unilateral duplication of the distal femur with tibial
hemimelia. The femur has two distinct distal metaphyses, the tibia
i
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Table  1  Main  syndromes  associated  with  tibial
hemimelia.
THPTTS  (Tibial  Hemimelia  Polysyndactyly  Triphalangeal
Thumb  Syndrome)
Tibial  aplasia/hypoplasia
Polysyndactyly
Triphalangeal  thumb
Gollop-Wolfgang  complex
Tibial  aplasia/hypoplasia
Femoral  duplication
Ectrodactyly
Short  rib  polydactyly  syndrome  type  2  (Majewski  type)
Tibial  aplasia/hypoplasia
Micromelia
Short  ribs
Polydactyly
Trichorhinophalangeal  syndrome  Type  2  (Langer-Giedion
syndrome)
Tibial  aplasia/hypoplasia
Sparse  scalp  hair
Bulbous  nasal  tip
Short  stature
Multiple  exostoses
Split  Hand  Split  Foot  Malformation
Tibial  aplasia/hypoplasia
F
l
ts missing and the epiphyseal ossiﬁcation centers of the distal femur
nd talus are not visible. Is = ischium; P = pubis.
ssociated  with  other  defects  evidenced  by  clinical  exam-
nation  or  imaging.  The  most  common  causes  are  listed
n  Table  1  (non-comprehensive  list).  Prenatal  or  postnatal
iagnosis  of  tibial  hemimelia  is  an  indication  for  exhaustive
creening  for  concurrent  anomalies.
m
b
igure 10. Unilateral duplication of the distal femur with tibial hemim
eg revealing two distal femoral metaphyses, one epiphyseal ossiﬁcation
he tibia. AP projection of the right hand (c) shows that the third ray is Ectrodactyly  of  ﬁngers  and  toes
The  clinical  features  of  tibial  hemimelia  are  a  shortened,
edially  bowed  (varus)  leg  [16].
Various  classiﬁcation  systems  have  been  proposed  and  are
ased  on  the  bone  and  cartilage  abnormalities  detected  by
elia and ectrodactyly. AP (a) and lateral (b) projections of the right
 center and hypoplasia of the ﬁrst foot ray. Complete absence of
missing.
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Figure 11. Tibial hemimelia (type I). Absence of left tibia, left
ﬁbula and right ﬁbula in a 24-week fetus after therapeutic abortion
for lower limb malformations. Hypoplasia of the distal end of the
F
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be  associated  with  moderate  femoral  hypoplasia,  femoral
duplication  (Figs.  9,  10) or  hypoplasia  of  the  distal  femoralright tibia. Related foot defects are also observed.
imaging.  Clément’s  classiﬁcation  is  generally  used  in  our  hos-
pital;  it  identiﬁes  four  types  of  tibial  hemimelia  as  follows
(Fig.  11)  [16]:
• type  I  (59%):  total  absence  of  the  tibia;
• type  IIa  (10%):  presence  of  a  proximal  tibia  (cartilagi-
nous  epiphysis).  Although  not  detectable  in  young  infants,
the  bone  gradually  develops  via  secondary  ossiﬁcation.
Hypoplasia  of  the  adjacent  distal  epiphysis  of  the  femur
is  often  observed;
• type  IIb  (24%):  presence  of  a  proximal  tibia  comprising  a
portion  of  metaphysis  and  diaphysis,  as  well  as  a  normal
epiphysis  and  normal  growth  plate;
• type  III  (1.5%):  presence  of  a  distal  tibia  only;
• type  IV  (5%):  the  entire  tibia  is  present  but  shows  either
extensive  hypoplasia  (Fig.  13)  or  just  hypoplasia  of  its
distal  end  (Fig.  11).  The  distal  end  is  also  tapered  and
o
e
Figure 12. Tibial hemimelia. Clément classiﬁcation.igure 13. Tibial hemimelia (type IV). Global hypoplasia of the
eft tibia, delayed appearance of the left proximal epiphyseal ossi-
cation center and upwards tilt to the left ﬁbula.
sometimes  deviates  from  the  distal  end  of  the  ﬁbula  to
articulate  with  the  medial  side  of  the  ankle  (Fig.  11).
In  most  cases,  the  ﬁbula  is  normal  both  in  size  and
ppearance,  although  shortened  and/or  deformed  ﬁbulas
an  be  observed.  The  position  of  its  proximal  end  depends
n  the  presence  and  size  of  the  tibia  [16]. Rarely,  the  ﬁbula
s  also  found  to  be  absent.  Unlike  in  ﬁbular  hemimelia,  the
emur  is  often  normal.  In  other  cases,  tibial  hemimelia  canssiﬁcation  center  [16]. The  foot  may  be  normal  (but  in  varus
quinus)  or  hypoplastic  and  deformed  (Fig.  12).
9 A.  Bergère  et  al.
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Figure 15. Congenital anterolateral bowing of the tibia with neu-
F
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ongenital bowing of the tibia
t  is  difﬁcult  to  determine  the  exact  cause  of  unilateral
ibial  bowing  since  it  can  arise  for  several  reasons  such
s  poor  intra-uterine  positioning,  focal  osseous  dysplasia,
mpaired  prenatal  vascular  development,  etc:
congenital  posteromedial  bowing  of  the  tibia  (CPMBT)
(Fig.  14)  generally  has  a  good  prognosis  and  is  some-
times  associated  with  club  foot  (pes  calcaneus).  CPMBT
generally  disappears  in  early  childhood  although  in  some
cases  it  lasts  longer  (Fig.  14);
congenital  anterolateral  bowing  of  the  tibia  (Fig.  15) has
a  poorer  clinical  prognosis  because  it  is  often  associated
with  neuroﬁbromatosis  type  1  and  therefore  with  a  risk
of  pathological  fracture  and  congenital  pseudarthrosis.
Prognosis  is  better  for  patients  who  do  not  have  concur-
rent  neuroﬁbromatosis  type  1.  Tibial  bowing  is  associated
with  polydactyly  [17],  or  preliminary  mid-tibial  duplica-
tion,  biﬁd  homolateral  great  toe  and  hand  malformations
in  the  context  of  a  minor  tibial  duplication  [18];
congenital  anteromedial  bowing  of  the  tibia  also  has
a  poorer  clinical  prognosis  because  it  is  often  associ-
ated  with  ﬁbular  hemimelia  (Fig.  16) (see  below). If
bilateral  and  symmetrical,  it  is  a  differential  diagno-
sis  of  Weissmann-Netter-Stuhl  syndrome.  In  such  cases,
the  ﬁbula  is  also  affected  and  tibial  bowing  can  lead  to
stunted  growth.
roﬁbromatosis type 1. Tibial and ﬁbular pseudarthrosis is visible.
igure 14. Congenital posteromedial bowing of the tibia. AP (a) and lateral (b) projections at age 15 days reveal posterior and medial
ibial and ﬁbular bowing. Bowing is still visible at age 4 years and is associated with tibial and ﬁbular hypoplasia (c).
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Figure 16. Congenital anteromedial bowing of the tibia with ﬁbu-
Also  known  as  congenital  longitudinal  deﬁciency  of  the
ﬁbula  (CLDF),  ﬁbular  hemimelia  is  a  lot  more  common
than  tibial  hemimelia  and  is  the  most  commonly  occurring
congenital  defect  of  the  lower  limb  [19].  As  with  tibial
hemimelia,  CLDF  can  range  from  moderate  hypoplasia  to
complete  absence  of  the  ﬁbula  (or  aplasia).  CLDF  is  gener-
ally  sporadic  but  may  also  be  part  of  a  complex  malformation
syndrome.  In  the  latter  cases,  the  condition  is  frequently
bilateral  and  associated  with  other  defects  evidenced  by
clinical  examination  or  imaging.  The  most  common  causes
are  summarized  in  Table  3  (non-comprehensive  list).  Clini-
cal  features  of  ﬁbular  hemimelia  are  a  shortened  leg  with
anterior  bowing  [16].
The  most  well-known  classiﬁcation  system  is  that  pro-
posed  by  Achterman  and  Kalamchi  [19]  and  will  be  described
here;  however,  this  system  is  based  on  ﬁbular  defects  only.
Other  classiﬁcation  systems,  such  as  Stanitski  and  Stanit-
ski’s  classiﬁcation  [20]  include  additional  possibly  associated
defects  (ankle  and  foot)  since  these  have  an  important
impact  on  the  treatment  and  functional  outcome  of  patients
with  ﬁbular  hemimelia.  Achterman  and  Kalamchi’s  classi-
ﬁcation  system  is  based  on  ﬁbular  morphology  as  follows
(Fig.  19):
• type  IA:  the  entire  ﬁbula  is  present  but  shows  hypoplasia;
its  proximal  end  is  distal  to  its  normal  position;
• type  IB:  absence  of  the  proximal  ﬁbula  (Fig.  20);
• type  II:  complete  absence  of  the  ﬁbula;  this  causes  bowing
of  the  tibia  (Fig.  16).
Typically,  the  tibia  is  shortened  with  various  degrees
of  anteromedial  bowing  (Fig.  16).  Tibial  bone  structure  is
not  altered.  Tibial  bowing  tends  to  gradually  disappear  as
the  child  gets  older.  The  overall  clinical  picture  is  often
Table  3  Mains  syndromes  associated  with  ﬁbular
hemimelia.
FFU  syndrome  (Femur-Fibula-Ulna)
Femoral  aplasia/hypoplasia
Fibular  aplasia/hypoplasialar hemimelia. Absence of the ﬁbula.
Bilateral  congenital  bowing  of  the  tibia  can  be  one  of  the
symptoms  of  constitutional  bone  disease  (Fig.  17),  rickets,
or  can  arise  from  a  prenatal  condition  such  as  osteogenesis
imperfecta  (Fig.  18)  or  syphilis  (Table  2).
X-ray  imaging  shows  bowing  centered  within  the  middle
or  lower  third  of  the  tibia.  Often,  the  ﬁbula  is  also  affected.
The  bone  structure  may  also  be  affected  with  a  thickening
of  the  cortex  on  the  concave  side  of  the  bowed  bone  and  a
thinning  on  the  convex  side,  condensation  of  the  trabecular
bone  and  pseudo-cysts.
Congenital defects of the ﬁbulaThis  review  focuses  on  ﬁbular  hemimelia  (ﬁbular  aplasia  and
hypoplasia).
Table  2  Main  causes  of  congenital  bowing  of  the  tibia.
Bilateral  Unilateral
Campomelic  dysplasia
Stüve-Wiedemann
syndrome
Otopalatodigital  syndrome
Type  2
Kyphomelic  dysplasia
FATCO  syndrome  (Fibular
aplasia,  tibial  campomelia
and  oligosyndactyly)
Hyperphosphatasia
Rickets
Severe  osteogenesis
imperfecta
Congenital  (posteromedial
bowing  of  the  tibia)
Neuroﬁbromatosis  Type  1
(anterolateral  bowing)
Minor  tibial  duplication
(anterolateral  bowing)
Ulnar  aplasia/hypoplasia
TAR  (Thrombocytopenia-Absent  Radius)  syndrome
Thrombocytopenia
Radial  aplasia
Fibular  aplasia/hypoplasia
Furhmann  syndrome
Fibular  aplasia/hypoplasia
Femoral  bowing  (campomelia)
Poly-,  oligo-  and  syndactylia
Du  Pan  syndrome
Fibular  aplasia/hypoplasia
Brachydactyly
Rodriguez  syndrome
Mandibulofacial  dysostosis
Complex  limb  and  girdle  abnormalities
FATCO  syndrome
Fibular  aplasia
Tibial  bowing  (campomelia)
Oligosyndactyly
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Figure 17. Congenital tibial bowing with campomelic dysplasia. Bilateral bowing of the tibia as well as the femur and ﬁbula in a fetus
that died in utero at 30 weeks of amenorrhea. Other bone anomalies are indicative of campomelic dysplasia (hypoplasia of the scapulas,
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islocation of the hip, separation of the ischia, pubic separation an
redominantly  femoral  since  CLDF  is  generally  associated
ith  femoral  defects  (PFFD  of  varying  severity,  CSF,  coxa
ara)  [16].
The  lateral  aspect  of  the  knee  is  abnormal  due  to  absence
f  the  head  of  the  ﬁbula  (hypoplasia  of  the  lateral  femoral
ondyle  and  of  the  lateral  tibial  plateau  resulting  in  a  genu
algum).
One  or  more  foot  rays  (notably  lateral  rays)  are  often
bsent.  As  the  child  gets  older,  ball-and-socket  ankle  can
e  found  to  be  associated  with  CLDF  (Fig.  21),  as  is  tarsal
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p
igure 18. Congenital tibial bowing with osteogenesis imperfecta. Fe
steochondrodysplasia (a) shows moderate bilateral bowing of the femur
re excessively radiolucent. The same ﬁndings are observed on the corret the thoracic level, piriform features of the iliac bones, bilateral
oplasia).
oalition  (Fig.  22).  In  younger  children,  radiolucency  pre-
ents  such  coalitions  from  being  visualized  on  X-ray  images;
owever,  they  can  be  evidenced  with  MR  imaging.
In  patients  with  ﬁbular  aplasia  (type  II  of  the  Achterman
nd  Kalamchi  classiﬁcation),  preoperative  assessment  via
R  imaging  is  particularly  helpful  to  identify  other  possi-
ly  associated  ligament  (agenesis  of  the  cruciate  ligaments)
nd/or  vascular  (hypoplasia  or  absence  of  the  anterior  tibial
rtery)  defects.  The  presence  of  such  defects  could  lead  to
ostoperative  ischemic  complications.
tal CT scan performed at 30 weeks of amenorrhea for suspected
s, tibias and ﬁbulas. Ribs appear frail for fetal age and metaphyses
sponding post mortem X-ray image (b).
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Figure 19. Fibular hemimelia. Achterman and Kalamchi Classi-
ﬁcation. Type IA: ﬁbular hypoplasia; absence of proximal ﬁbula;
functional distal ﬁbula. Type IB: ﬁbular hypoplasia; absence of prox-
Figure 20. Fibular hemimelia (type IB). Only the most distal
portion of the ﬁbula is present (arrow).
Table  4  Main  syndromes  associated  with  patellar
aplasia/hypoplasia.
Nail-patella  syndrome  (osteo-onychodysplasia)
Nail  dysplasia
Patellar  aplasia/hypoplasia
Hypoplasia  and  posterior  (sub)luxation  of  the  radial
head
Iliac  horns
Small  patella  syndrome  (ischio-patellar  dysplasia)
Patellar  aplasia/hypoplasia
Abnormal  ossiﬁcation  of  the  ischiopubic  junction
Foot  deformities
Genitopatellar  syndrome
Fibular  aplasia/hypoplasia
Genital  anomaliesimal ﬁbula; non-functional distal ﬁbula. Type II: ﬁbular aplasia.
Congenital defects of the patella
These  include  aplasia,  hypoplasia  and  congenital  dislocation
of  the  patella.
Aplasia/hypoplasia of the patella
Patellar  aplasia/hypoplasia  can  be  isolated,  inherited  as  an
autosomal  dominant  trait  (mutation  of  a  gene  on  chromo-
some  17),  or  part  of  a  more  complex  syndrome  (Table  4).  The
most  frequent  syndromes  causing  patellar  defects  are  hered-
itary  osteo-onychodysplasia  (nail-patella  syndrome)  [21,22],
small  patella  syndrome  (ischio-patellar  dysplasia)  (Fig.  23)
[23,24],  genitopatellar  syndrome  [25,26]  and  Meier-Gorlin
syndrome  [27].  Patellar  aplasia/hypoplasia  can  also  be  asso-
ciated  with  complete  or  near  complete  absence  of  the
quadriceps  femoris  muscle.
Congenital dislocation of the patella
Fixed  patellar  dislocation  can  be  present  at  birth  or  can
occur  progressively  with  age.  In  the  ﬁrst  case,  dislocation
usually  occurs  in  patients  with  excessive  joint  or  connective
tissue  laxity  as  is  the  case  in  Down  syndrome  [28],  Larsen
syndrome,  arthrogryposis  [29],  Rubinstein-Taybi  syndrome
[30],  and  Ellis-van  Creveld  syndrome  (or  chondroectodermic
dysplasia)  [31].  The  patella  is  in  a  ﬁxed  dislocated  posi-
tion  on  the  lateral  aspect  of  the  lateral  femoral  condyle
(Fig.  24).  Congenital  dislocation  of  the  patella  can  also
be  diagnosed  at  a  later  stage,  when  the  child  begins  to
walk,  or  can  occur  only  with  each  ﬂexion  and  extension
cycle  of  the  knee.  Congenital  dislocation  of  the  patella  can
be  unilateral  or  bilateral.  Both  MR  and  ultrasound  imaging
are  particularly  helpful  to  assess  patellar  morphology  and
Renal  anomalies
Meier-Gorlin  syndrome
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Figure 21. Ball-and-socket ankle with proximal ﬁbular hemimelia. Hypoplasia and abnormally rounded domelike aspect of the left talus
associated with hind foot valgus. Compared with the other side, the distal end of the left tibia also shows hypoplasia and abnormal concave
bowing. The distal end of the left ﬁbula is normal.
Figure 22. Tarsal coalition with ﬁbular hemimelia. Coalition involves the talus, the navicular bone and calcaneus. The foot contains only
three digital rays.
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Figure 23. Small patella syndrome (ischio-patellar dysplasia). X-ray images show bilateral absence of the patellas (a), impaired ossiﬁcation
of the ischiopubic ramus (b), and an unusually wide ﬁrst intermetatarsal space with hypoplasia of metatarsal bones (2nd to 4th rays) (c).
Imaging also reveals ball-and-socket ankles (a), bilateral coxa valga and right acetabular dysplasia (b).
Figure 24. Congenital dislocation of the patella. Fat-suppressed PD-weighted MR image (a) in the coronal plane showing a dislocated
patella (P) on the lateral aspect of the lateral femoral condyle. T1-weighted image in the sagittal plane (b) showing the quadriceps tendon
and amyotrophy of the vastus lateralis muscle. CFL: lateral femoral condyle.
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dlocation,  especially  prior  to  ossiﬁcation,  as  well  as  the
degree  of  involvement  of  the  extensor  apparatus  (Fig.  24)
[32].
ConclusionCongenital  malformations  of  the  long  bones  of  the  lower
limb  are  rare,  but  not  exceptional.  They  tend  to  be  unilat-
eral  rather  than  bilateral.  Such  malformations  are  generally
m
a
d
wsolated  but  can  also  be  associated  with  abnormalities  of
he  bones  and/or  viscera  in  patients  with  constitutional  syn-
romes  or  disorders  of  the  skeleton.  Clinicians  should  be
amiliar  with  the  most  frequent  malformations,  as  well  as
elated  defects,  because  this  knowledge  is  important  to
etermine  the  best  imaging  modality  to  use  to  comple-
ent  X-ray  imaging  among  ultrasonography,  fetal  CT  scan
nd  MR  imaging.  Current  medical  imaging  techniques  allow
etailed  investigation  of  such  malformations.  In  accordance
ith  French  law,  when  diagnosed  during  pregnancy  and
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ssociated  with  other  severe  malformations,  they  can  be  an
ndication  for  therapeutic  abortion.  After  birth,  infants  with
hese  malformations  should  undergo  exhaustive  assessment
sing  X-ray  imaging  (bone  structure)  and  MR  imaging  (assess-
ent  of  cartilaginous  structures,  soft  tissue  and  joints,  as
ell  as  the  vascular  network  via  MR  angiography).
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